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ABSTRACT

Difunctional aromatic diamines (e.g. Ethacure® 100 and
300) are derivatized with furan-2,5-dicarboxylic acid
(FDCA) to form FDCA-derived bisamides; the derivatives
have enhanced curative properties when used as curatives for
polyureas, hybrid epoxy-urethanes, hybrid urea-urethanes,
chain extenders for polyurethane and polyurea elastomers,
and also for reaction injection molding (RIM) products.
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FURANIC-MODIFIED AMINE-BASED
CURATIVES

[0001] This application claims the benefits of U.S. Provi-
sional Application 60/846,259, filed Sep. 20, 2006.

FIELD OF THE INVENTION

[0002] In a typical embodiment difunctional aromatic
diamines (e.g. Ethacure® 100 and 300) are derivatized with
furan-2,5-dicarboxylic acid (FDCA) to form FDCA-derived
bisamides. The derivatives have enhanced curative properties
when used as curatives for polyureas, hybrid epoxy-ure-
thanes, hybrid urea-urethanes, chain extenders for polyure-
thane and polyurea elastomers, and also for reaction injection
molding (RIM) products. The products of the present inven-
tion allow control of cure rate for improved performance with
complex molds.

BACKGROUND OF THE INVENTION

[0003] Difunctional or polyfunctional aromatic amines
currently have a variety of uses as curatives in reacting with
polyisocyanates or mixtures of polyisocyanates and alcohols
to form urea and urea/urethane derivatives, respectively.
Ethacure® 100 is a commercially available aromatic diamine
curative derived from toluene that is further substituted with
two ethyl groups on the aromatic ring. Ethacure® 300 is
another commercially available aromatic diamine curative
derived from toluene that is further substituted with two
methylthio groups. The following Formulas A1l and A2 show
the major and minor components, respectively, in Ethacure®
100 and Formulas A3 and A4 show the major and minor
components, respectively, in Ethacure® 300:

Ethacure® 100 Curatives

Al
CH;
NH,
CH;CHy CH,CHj;
NH,
Major
A2
CH;
NH, NH,
CH;CH; CH,CHj;
Minor
Ethacure® 300 Curatives
A3
CH;
NH,
CH3S SCH;
NH,
Major
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-continued
Ad
CH;
NH, NH,
CH;S SCH;
Minor

[0004] The major and minor constituents are in a ratio of
about 80 major to 20 minor for both curatives.

[0005] Ethacure® 100 is used as a curative agent for poly-
urethanes and polyureas, and a chain extender for polyure-
thane and polyurea elastomers, and particularly in reaction
injection molding (RIM) and spray applications. Ethacure®
300 has shown special utility when used with MDI and TDI
polyether and polyester prepolymers. The relative reactivity
of'these two curatives with isocyanates is such that Ethacure®
100 reacts appreciably faster than Ethacure® 300.

[0006] A general problem with these and other aromatic
diamine or polyamine curatives is that they have limited “pot
lives” (gel times) because their high reaction rates with poly-
isocyanates, mixtures of polyisocyanates and alcohols, and
epoxides cause problems in various applications. These high
reaction rates, and the resulting short “pot lives” can result in
undesirable surface aesthetics and physical properties in coat-
ings, adhesives, sealants, castings and moldings prepared
from these curatives. Another serious liability of these type
curatives, due to their limited “pot lives”, for a number of
products and applications is that when mixtures of these
curatives with polyisocyanates and(or) alcohols, or epoxides
are placed in complex molds they tend to set-up prematurely
before the mold can be completely filled, resulting in partial
and incomplete mold filling. The products obtained from
molds having this problem can have hidden or obvious defect
structures causing low productivity and inferior products. The
present invention prevents or reduces these problems.

BRIEF DESCRIPTION OF THE INVENTION

[0007] Broadly the invention discloses an aromatic amine
bisamide of furan-2,5-dicarboxylic acid having the structure
(AB),A;

wherein A is an aromatic diamine moiety, B is a furan-2,5-
dicarboxylic acid moiety and n is an integer from 1 to 10;

wherein each aromatic diamine moiety in the bisamide com-
prises 0, 1, 2, 3, 4, or 5 substituents selected from the group
consisting of alkyl, aryl, alkylaryl, halogen, nitro, carboxyl,
carbonyl, primary amino (—NH,), secondary amino
(—NHR), tertiary amino (—NR,), aminoalkyl (—RNH,),
hydroxyl (—OH), alkoxy (—OR), hydroxylalkyl (—ROH),
thiol (—SH), and alkylthio (—SR), wherein at least one
group is either a primary or secondary amino, aminoalkyl,
hydroxyl, or thiol group, and the remaining positions are
occupied by H; and

wherein each group may contain between 1 to 10 carbon
atoms. In some embodiments the group may contain up to 6
carbon atoms. Typically the alkylthio group comprises the
methylthio group.
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[0008] Another embodiment of the invention includes the
aromatic amine bisamide of furan-2,5-dicarboxylic acid
described above wherein the specific positional labeling of
the two nitrogen atoms in the major species Al and A2 of the
Ethacure® 100 series diamines is as follows:

Ethacure® 100 Curatives

Al
CH;
NH, (Al-a)
CH;CHy CH,CH;
NH, (Al-b)
A2
CH;

(A2-a) NI, NH, (A2-a)

o

CH;CH; CH,CH;

wherein the positional specificity of individual bisamides is
specified by the following generically labeled structures
where the label AX-y (where X=1 or 2 and y=a or b) specifies
the specific aromatic nitrogen atom involved in amide bond
formation:

(¢] (¢]
0.
Al-a \ / ‘Al-a
(¢] (¢]
O,
A2-a \ / A2-a
(¢] (¢]
O
Al-2 \ / ‘Al-b
(¢]
O,
Al-a \ / A2-a
(¢] (0]
(0]
Al-b \ / ‘Al-b
(¢] (¢]
O

Al-b \ / ‘A2-a
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[0009] A further embodiment of the invention includes the
aromatic amine bisamide of furan-2,5-dicarboxylic acid dis-
closed above where the specific positional labeling of the two
nitrogen atoms in the major species Al and A2 of the Etha-
cure® 300 series diamines is as follows:

Ethacure® 300 Curatives

A3
CH;
NH, (A3-a)
CH;S SCH;
NH, (A3-b)
A4
CH;

(Ad-a) NI, NH, (Ad-a)

¢

CH;S SCH;

wherein the positional specificity of individual bisamides is
specified by the following generically labeled structures
where the label AX-y (where X=3 or 4 and y=a or b) specifies
the specific aromatic nitrogen atom involved in amide bond
formation:

(¢] (¢]
O,
A3-a \ / ‘A3-a
(¢]
O,
Ad-a \ / ‘Ad-a
(¢]
(0]
A3-a’ \ / "A3-b
O,
A3-a \ / ‘Ad-a
(¢]
(0]
A3-b \ / "A3-b
(¢]
(0]
A3-b

\ / Ad-a
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[0010] A further broad embodiment includes the composi-
tion

o o —

R
R O I
7.1 N HN]
R \ /
R R

R R

- R -

NH,

Wherein x=0, have A-B-A structure;

Wherein x=1 have A-B-A-B-A type structure;

Wherein x may have any value from 0 to 9;

the amino (—NH,) groups on the substituted phenyl ring may
be meta, ortho, or para with respect to each other,

R may be the same or different, and is selected from the group
consisting of alkyl, aryl, alkylaryl, halogen, nitro, carboxyl,
carbonyl, primary amino (—NH,), secondary amino
(—NHR"), tertiary amino (—NR,"), aminoalkyl (—R'NH,),
hydroxyl (OH), alkoxy (—OR"), hydroxylalkyl (—R'OH),
thiol (—SH) and alkylthio (—SR'), wherein the remaining
positions are occupied by H, and wherein the R an R' groups
may contain 1 to 10 carbon atoms.

[0011] Another embodiment of the invention includes a
method for controlling cure time and (or) pot life of polyurea,
hybrid epoxy-urethane, and hybrid urea-urethane chain
extenders for polyurethane and polyurea elastomer systems
by the steps of:

a. using an aromatic diamine curative, wherein the aromatic
diamine is replaced to varying amounts with an furan-2,5-
dicarboxylic acid bisamide of such aromatic diamine,
wherein increasing amounts of furan-2,5-dicarboxylic acid
bisamide lead to reduced reaction rates that provide increased
pot life and longer reaction time.

[0012] A yet further embodiment includes a method for
making furan-2,5-dicarboxylic acid bisamide by the steps of:
a. providing a furan-2,5-dicarboxylic acid diacid chloride, an
aromatic diamine, an optional catalyst and a solvent;

b. mixing the furan-2,5-dicarboxylic acid diacid chloride with
the aromatic diamine in the solvent, optionally in the presence
of the catalyst; and

c. reacting the mixture of step b, optionally under heat, until
the furan-2,5-dicarboxylic acid bisamide is formed. Typically
the product furan-2,5-dicarboxylic acid bisamide is separated
from the reaction mixture. The furan-2,5-dicarboxylic acid
bisamide containing solvent is typically separated by filtra-
tion, the higher oligomers remaining behind.

[0013] A yet additional embodiment includes a method for
separating a furan-2,5-dicarboxylic acid bisamide having the
formula (A-B),,A wherein n=1, from higher oligomers having
the formula (A-B),A wherein n is greater or equal to 2,
comprising the steps of obtaining a mixed (A-B),-A product,
wherein n is 1 to greater than 1; fractionating the mixed
product with a solvent in which the A-B-A is more soluble
than the higher oligomers, wherein the A-B-A product is
dissolved in the solvent. Typically the solvent is moderately
polar and exemplified by acetonitrile. The solvent containing
A-B-A product is typically removed by from the higher oli-
gomers by filtration.
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[0014] Another embodiment of the invention includes a
method for making a furan-2,5-dicarboxylic acid bisamide
comprising:

a. providing furan-2,5-dicarboxylic acid, aromatic diamine,
triphenyl phosphite, and pyridine;

b. mixing furan-2,5-dicarboxylic acid, aromatic diamine,
triphenyl phosphite, and pyridine; in solvent; and

c. reacting the mixture under optional heating until the furan-
2,5-dicarboxylic acid bisamide is formed. Typically the heat-
ing produces a temperature of about 80° C. to about 110° C.
[0015] A still further embodiment of the invention includes
a method for making a furan-2,5-dicarboxylic acid bisamide
by the steps of:

a. providing furan-2,5-dicarboxylic acid, aromatic diamine, a
molecular sieve Zeolite® and an optional solvent;

b. mixing furan-2,5-dicarboxylic acid, aromatic diamine,
molecular sieve (e.g. Zeolite® and with or without the sol-
vent; triphenyl phosphite, and pyridine; in solvent; and

c. reacting the mixture with microwave radiation until the
furan-2,5-dicarboxylic acid bisamide is formed.

[0016] Another embodiment of the invention includes a
method for making a furan-2,5-dicarboxylic acid bisamide
comprising:

a. providing furan-2,5-dicarboxylic acid, aromatic diamine,
phosphorous pentachloride, and solvent;

b. mixing furan-2,5-dicarboxylic acid, aromatic diamine,
phosphorous pentachloride, and solvent and heating; and

c. reacting the mixture until the furan-2,5-dicarboxylic acid
bisamide is formed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a graph illustrating HPLC analysis of a
crude Ethacure® 100 reaction mixture showing components
having (AB),A structures where n=1, 2, and 3.

[0018] FIG. 2 is a graph illustrating HPLC analysis of an
acetonitrile soluble Ethacure® 100 reaction mixture showing
components having (AB), A structures where n is primarily 1.
[0019] FIG. 3 is a graph illustrating HPLC analysis of an
acetonitrile insoluble Ethacure® 100 reaction mixture show-
ing components having (AB), A structures where n is prima-
rily 2, while also showing minor amounts of (AB),A struc-
tures were n=1 and 3.

[0020] FIG. 4 is a graph illustrating viscosity versus time
plots for curing of Ethacure® 100, of FDCA bisamide of
Ethacure® 100, and of mixtures thereof.
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DETAILED DESCRIPTION OF THE INVENTION
AND BEST MODE

[0021] A general solution to reduce or eliminate the prob-
lems discussed above is to reduce the reactivity of these type
polyamine curatives by preparing derivatives of these cura-
tives in which the reactivity of amine groups have been
reduced. The inventive method described herein to reduce the
reactivity of aromatic amine curatives is to prepare amide
linkages between at least one amino group of such curatives
with the carboxylic acid group of an electron deficient poly-
acid. The use of electron deficient polyacids to form these
amide linkages causes the remaining non-acylated amine
groups of the aromatic polyamine curatives to have signifi-
cantly reduced electron density due to electron withdrawing
effects. Thus, the non-acylated amine groups are expected to
have decreased nucleophilicities and reactivities towards iso-
cyanates. These deactivated polyamine-based curatives are
also expected to have decreased reactivities towards carboxy-
lic acids or carboxylic acid derivatives such as acid anhy-
drides and acid halides. These deactivated amine based cura-
tives can then be used solely or in formulated blends
containing Ethacure® 100, Ethacure® 300, 4,4'-methylene
bis(2-chloroaniline) (MOCA), and other commercially avail-
able amine curatives by improving the processing and perfor-
mance of polyurethane, polyurea, epoxy, and hybrid (ure-
thane-epoxy, urethane-phenolic) adhesives, coatings,
foundry binders, elastomers, composites and sealants. Typi-
cally, other aromatic amine curatives can be used.

[0022] Anelectron deficient polyacid that fits these require-
ments is furan-2,5-dicarboxylic acid (FDCA) that has an
unusually low pKa(1) value of 2.60 indicating that it is a
significantly stronger acid than benzoic acid (pKa=4.20) or
acetic acid (pKa=4.75). The pKa value of an acid is the
negative of the logarithm of its acidity constant (Ka) so that
the lower the pKa, the higher the acidity of the acid. Higher
acidities are caused by more effective electron withdrawal
from and stabilization of the carboxylate group (the conjugate
base) derived from the carboxylic acid group. Another advan-
tage of FDCA is that it is biobased and thus sustainable since
it is derived from 5-hydroxylmethylfurfural (HMF) which is
derived from the cyclic dehydration of fructose or other six
carbon monosaccharide ketoses or aldoses. Another advan-
tage of incorporating FDCA in these curatives is that they
should benefit from the flame and smoke inhibiting properties
inherent in furanic compounds.

[0023] The bisamide of FDCA prepared from the major
isomer of Ethacure® 100 is shown below (only one of the
three possible regioisomeric forms incorporating the major
isomer is shown):

A-B-A-B-A Oligomeric Ethacure® 100 Amide of FDCA

Aug. 28, 2008

Ethacure® 100 Bisamide of FDCA

Formula 3
CH i i CH.
3 . \ 1) / % 3

CH,;CH;y CH,CH, CH,CHy CH,CH;
NH, NH

[0024] This type FDCA bisamide has two available amino

groups that are expected to have reduced nucleophilic reac-
tivity in reaction with isocyanate functionality to produce
urethane linkages and with carboxylic acids (or acid anhy-
drides or acid halides) to produce additional amide linkages
due to the reduced electron densities of the non-derivatized
amine nitrogen atoms. These type products are also expected
to be relatively rigid due to the known hindered rotation
within amide groups that would be coupled with the planar
structure of FDCA to give products derived from these modi-
fied curatives with potentially higher tensile strengths and
toughness. These type derivatives also have two amido hydro-
gen atoms that can enter into allophanate formation and thus
serve as tetra-functional crosslinking components.

[0025] The above class of FDCA bisamides of Ethacure®
100 can be referred to as A-B-A derivatives where A is an
Ethacure® 100 moiety and B is an FDCA moiety. This prod-
uct has been prepared by a number of approaches including:
(1) reaction of FDCA diacid chloride with Ethacure® 100,
(2) reaction of FDCA and Ethacure® 100 in the presence of
phosphorous pentachloride (that produces FDCA acid chlo-
ride in-situ),

(3) reaction of FDCA with Ethacure® 100 using triphenyl
phosphine and pyridine as co-reagents,

(4) reaction of FDCA with Ethacure® 100 in the presence of
Zeolite H-Y® using microwave radiation as the energy
source, and

(5) reaction of FDCA dimethyl ester with Ethacure® 100
using sodium iodide or sodium methoxide as catalysts.
[0026] Regardless of the method of preparation, an excess
of Ethacure® 100 typically and preferably is used to promote
primary production of A-B-A derivatives and minimize the
production of (AB), A oligomers, where n>1. Even when an
excess of Ethacure® 100 was used in these approaches, some
oligomeric polyamides of the formula (AB), A were formed
where n=2 (structure A-B-A-B-A), n=3 (structure A-B-A-B-
A-B-A), and possibly n>3. One of the oligomers having the
A-B-A-B-A structure (where the major component of Etha-
cure® 100 is used) is shown in Formula 4, below:

Formula 4

CH,CH;

CH;CHy” i ’\CHZCHg / i ~CH,CH; CH;CH5

H

CH,CH;

H
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[0027] A further embodiment of the invention is illustrated
by Formula 5, below. Formula 5 represents the general case
for a structure (AB), A where various substituents are repre-

sented by the —R group.

NH,

When x=0, have A-B-A structure.

When x=1 have A-B-A-B-A type structure.

[0028] Wherein x may have any value from O to 9.

The original —NH, groups on the substituted phenyl ring
may be meta, ortho, or para with respect to each other

R may be the same or different, and is typically selected from
the group consisting of alkyl, aryl, alkylaryl, halogen, nitro,
carboxyl, carbonyl, primary amino (—NH,), secondary
amino (—NHR'), tertiary amino (—NR,'), aminoalkyl
(—R'NH,), hydroxyl (OH), alkoxy (—OR'), hydroxylalkyl
(—R'OH), thiol (—SH) and alkylthio (—SR'), wherein the
remaining positions are occupied by H. wherein the R an R’

zm

groups may contain 1 to 10 carbon atoms.

Formula 5 (Above)

[0029] A further embodiment is found in Formula 6, where
given the specific positional labeling of the two nitrogen
atoms in the major species Al and A2 of the Ethacure® 100

series diamines as follows:

Ethacure® 100 Curatives

CH;
CH;CH;
NH,
CH;
(A2-a) NI,
CH;CH;

included are the aromatic amine bisamides of furan-2,5-di-
carboxylic acid having the structure (A-B),,-A where n=1-10
where A can be Al or A2, whereby the positional specificity
of individual bisamides is specified by the following generi-
cally labeled structures where the label AX-y (where X=1 or
2 and y=a or b) specifies the specific aromatic nitrogen atom
involved in amide bond formation:

(Al-a)

(A2-a)

CH,CH;
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o
o

/
O
T
= ZT
_<j §>—7d
o o

NH,
Formula 6 (above)
e} e}
O
Al-a \ / Al-a
e} e}
O,
A2-a \ / A2-a
e} e}
O,
Al-a \ / Al-b
e}
O,
Al-a \ / A2-a
e} e}
O
Al-b \ / Al-b
e} e}
O

Al-b \ / ‘A2-a

[0030] Another typical embodiment shown in Formula 7
below, includes the following: given the specific positional
labeling of the two nitrogen atoms in the major species Al and
A2 of the Ethacure® 300 series diamines as shown below:

Ethacure® 300 Curatives

A3
CH;

(A3-2)

CH;S SCH;

‘; 2z
&

NH, (A3-b)
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-continued
Ad
CH;

(Ad-a) NH, NH, (Ad-a)

CH;S SCH;

included are the aromatic amine bisamides of furan-2,5-di-
carboxylic acid having the structure (A-B),,-A where n=1-10
where A can be A3 or A4, wherein the positional specificity of
individual bisamides is specified by the following generically
labeled structures where the label AX-y (where X=3 or 4 and
y=a or b) specifies the specific aromatic nitrogen atom
involved in amide bond formation:

Formula 7 (above)

(¢] (¢]
O
A3-a \ / ‘A3-a
(¢] (¢]
O,
Ad-a \ / ‘Ad-a
(¢] (¢]
O
A3-a’ \ / "A3-b
(¢]
0.
A3-a \ / ‘Ad-a
(¢] (0]
(0]
A3-b \ / "A3-b
(¢] (¢]
(0]

[0031] Each of the (AB),A oligomeric polyamides is
bifunctional in that each is terminated with an amino group at
both ends of these oligomers. These oligomers are also
expected to have relatively rigid structures, due to the planar-
ity of the furanic ring and the relatively hindered rotation
about the amide carbonyl carbon atom and nitrogen atom, that
may beneficially contribute to the tensile strengths and tough-
ness of products derived from these modified curatives.

[0032] A convenient method for separating FDCA bisa-
mides of Ethacure® 100 (A-B-A systems) from higher (AB)
A oligomers has been discovered that involves use of sol-
vents that have relatively high solubility for A-B-A bisamides
and relatively low solubility for higher (AB),, A oligomers
where nZ2. Typically these solvents include, without limita-
tion, moderately polar solvents such as acetonitrile. Thus,
simply stirring a mixture of an FDCA Ethacure® 100 amide
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product mixture with acetonitrile will result in relatively effi-
cient solubilization of FDCA bisamides of the formula (AB)
LA, where n=1. The FDCA bisamides of Ethacure® 100
where n=1 can be isolated in relatively high purity by filtering
the acetonitrile solution and evaporating the filtrate to dry-
ness, whereas the insoluble material filtered from acetonitrile
is rich in oligomeric polyamides of the formula (AB), A,
where nZ2. These two fractions of amine curatives should
give rise to products having different curative properties due
to the different molecular sizes and shapes of these deriva-
tives.

[0033] Data disclosed herein indicates that the available
non-reacted amino groups of A-B-A Ethacure®100 moieties
in FDCA bisamides have significantly reduced reactivity
towards polyisocyanates compared to those of non-deriva-
tized Ethacure® 100.

[0034] FDCA bisamides derived from Ethacure® 300 as
well as from other aromatic diamines will have similar struc-
tures as those shown above for Ethacure® 100.

EXAMPLES

[0035] The following examples illustrate the preparation,
fractionation and characterization of FDCA bisamides of
Ethacure® 100 and higher oligomeric amides by reaction of
Ethacure® 100. The examples are illustrative only and are not
intended to limit the scope of the invention in any way.

Example 1

[0036] This example illustrates the reaction of an aromatic
diamine (Ethacure® 100) with an FDCA diacid chloride to
produce amides having (AB), A structures.

[0037] FDCA diacid chloride was prepared from FDCA
and phosphorous pentachloride as described in the chemical
literature {J. Lewkowski, Polish J. Chem., 75, 1943-1946
(2001)}. FDCA diacid chloride (55.10 g; 0.286 mole) was
weighed into a pressure-equalizing addition funnel and dis-
solved in 300 mL diethyl ether under an argon blanket. Etha-
cure® 100 (408.21 g; 2.29 mole) and triethylamine 64.07 g;
0.633 mole) were weighed into a three-neck round bottom
flask containing a magnetic stir bar, a thermocouple, and an
argon gas inlet tube and the reaction flask was positioned in a
heating mantle. Toluene (1000 mL.) and hexane (350 m[.) was
added to the reaction vessel and this mixture was flushed with
argon while maintaining the reaction flask under positive
argon pressure by delivering argon through a bubbler filled
with mineral oil. The addition funnel containing FDCA
diacid chloride was then attached and this solution was then
added drop-wise over two hours into the stirred Ethacure®
100 solution (magnetic stir bar) while reaction mixture tem-
perature increased to 30.5° C. The addition funnel was rinsed
with 50 mL toluene and the contents were added to the reac-
tion flask. The reaction mixture was then heated to 45° C. for
one hour with mechanical stirring after which the solution
was cooled to room temperature. The mixture was then fil-
tered through a coarse fritted Buchner funnel and rinsed with
two 200 mL portions of 50% toluene in hexane and one 200
mL portion of hexane. The remaining solid material was dried
in a vacuum oven containing phosphorus pentoxide for about
3 hours. Once dry, the material was ground into a powder
(233.26 g) and NMR spectroscopy indicated a significant
amount of residual triethylamine hydrochloride. The powder
was then placed into an Erlenmeyer flask containing water (1
L) and a stir bar. The mixture was heated to 50° C. and stirred
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for five (5) hours. The resulting solid was filtered, rinsed with
four 500 mL portions of water, and dried in a vacuum oven
with phosphorus pentoxide. NMR analysis indicated that this
material contained approximately 14.9 percent triethylamine
hydrochloride on amole basis. Water washing was repeated at
50° C. for four hours (4) and the solid was dried in a vacuum
oven with phosphorus pentoxide. NMR spectroscopy of this
material revealed that the triethylamine hydrochloride had
been reduced to 8.3 percent on a mole basis. HPLC analysis
supported the desired product. Water washing was then per-
formed at 80° C. for 1.5 hours and the mixture was filtered
while hot. The solid was placed into a vacuum oven with
phosphorus pentoxide overnight. NMR spectroscopy
revealed a negligible quantity of triethylamine hydrochloride.
[0038] HPLC analysis of crude product on a reverse phase
column using acetonitrile/water (57:43) at a flow rate of 1
ml/min was consistent with the presence of amides having
(AB), A structures where n=1, 2, and 3 and indicated that the
major component had an A-B-A structure and minor compo-
nents had n values of 2 and 3 (see FIG. 1). Given the regioi-
someric bonding potential in the two positional isomers in
Ethacure® 100, it can be seen that the A-B-A bisamide can
theoretically exist in up to six isomeric forms, three A-B-A
bisamide isomers would be derived exclusively from the
major Ethacure® 100 isomer, one A-B-A bisamide isomer
would be derived from the minor Ethacure® 100 isomer
(realizing that this minor isomer has a plane of symmetry so
each amino group is equivalent), and two A-B-A bisamide
isomers would be derived from cross reaction of the major
and minor Ethacure® 100 isomers. Thus, the five closely
separated peaks in the 6-9 minutes retention time region in
this chromatogram were assigned to five of these six possible
isomers of the (AB),,A where n=1 (FDCA bisamide of Etha-
cure® 100). The potential number of possible structural iso-
mers increases significantly in higher (AB),A oligomers
where nZ2. It can be seen that another cluster of peaks (with
significantly decreased peak intensities) lies in the 9 to 14
minute retention time region and this cluster is assigned to
(AB), A oligomers where n=2. Another cluster of peaks (with
still lower peak intensities) with retention times greater than
14 minutes are presumed to correspond to (AB), A oligomers
where n=3. Based on the relative integration of peaks in the
A-B-A region versus higher retention time regions, it was
estimated that the A-B-A components comprised approxi-
mately 74.4% of this mixture.

Example 2

[0039] This example illustrates the isolation and structural
characterization of a predominantly A-B-A Product.

[0040] To separate the A-B-A product from higher oligo-
mers, the isolated solid from Example 1 was dissolved into
3000 mL acetonitrile and the mixture was stirred approxi-
mately 15 minutes. The mixture was then filtered through a
coarse fritted Buchner funnel containing Celite® and the
filtrate was placed on a rotary evaporator and acetonitrile was
removed by aspirator vacuum. The sample was dried com-
pletely in a vacuum oven with a vacuum pump and the result-
ing green solid (predominately A-B-A) weighed 65.16 g (47.
9% yield). Note that the Celite® (diatomaceous earth) is used
as a filtration aid and is optional in the process.

[0041] HPLC analysis of acetonitrile-soluble product indi-
cated that the percentage of A-B-A product (FDCA bisamide
of Ethacure® 100) was approximately 89.6% of the total
product mixture (see FIG. 2).
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[0042] Proton NMR Spectroscopy. The 500 MHz proton
NMR spectrum (in DMSO-d6) of the acetonitrile fractionated
product described above supported the desired structure
based on the presence of amide protons at 9.7-10.05 ppm,
furanic protons at 7.25-7.41 ppm, phenyl protons at 6.4-7.2
ppm, amine protons at 4.2-4.8 ppm, methyl protons at 1.8-2.
25 ppm., and protons from the methyl groups of the phenyl
ethyl groups at 0.95-1.20 ppm. The methylene groups of these
ethyl groups overlap significantly with the solvent peak in the
same region. The relative integration values of these regions
are close to those expected for the A-B-A structure.

[0043] Infrared Spectroscopy. The infrared spectrum of this
product shows a prominent peak at 1648 cm™" which is con-
sistent with aromatic amides.

[0044] Matrix assisted laser desorption ionization time of
flight mass spectroscopy (MALDI TOF MS) was performed
on a similarly obtained acetonitrile soluble fraction and the
results were consistent with the predominance of FDCA bisa-
mides of Ethacure® 100. Table 1 shows the relative peak
areas of (AB), AH+ species when 2,5-dihydroxybenzoic acid
(DHB) and trans-3-indoleacrylic acid (IM) were used to gen-
erate protonated species. Table 2 shows the relative peak areas
of (AB),ANa"species generated by the natural presence of
sodium ions that were also observed when DHB and IAA
were used as ionizing species. [t can be seen that integration
of peaks corresponding to protonated species indicates a
higher percentages of lower molecular weight (AB), A spe-
cies than integration of sodium ion-complexes.

[0045] Tables 1 and 2. MALDI TOF MS Analysis of Aceto-
nitrile-Soluble Ethacure® 100 Reaction Mixture
TABLE 1
Relative Relative
m/z Area using Area using
[AB],AH" (MH") DHB IAA
n=1 477.4 91% 95%
n=2 775.4 6% 2%
n=3 1073.6 3% 3%
n=4 1371.7 0% —
TABLE 2
Relative Relative
m/z Area using Area using
[AB],ANa* (MNa") DHB IAA
n=1 499.4 70% 68%
n=2 797.5 15% 14%
n=3 1095.7 14% 15%
n=4 1393.8 1% 2%
[0046] Titration of a similarly obtained acetonitrile soluble

fraction dissolved in chlorobenzene with 0.1703 N perchloric
acid in glacial acetic acid using methyl violet as an indicator
indicated that the amine content was 97.3% of that expected
for the A-B-A structure and indicated that the amino group
concentration was 4.08 mmole amino group per gram of
sample. The theoretical value of an A-B-A FDCA bisamide of
Ethacure® 100 is 4.20 mmole amino groups per gram. These
differences appeared to be due to the presence of small
amounts of (AB),A species where n=2. Titration of Etha-
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cure® 100 itself indicated the amine concentration was
95.8% of theoretical, which validates this titration in the
Ethacure® 100 system.

Example 3

[0047] This example illustrates the isolation and structural
characterization of the acetonitrile-insoluble product from
above -(AB), A where n is predominantly 2 and 3.

[0048] The acetonitrile-insoluble product obtained from
the acetonitrile extraction described above was extracted with
acetone (1.0 L), tetrahydrofuran (1.2 L), and isopropanol
(500 mL) to remove the oligomeric amide product from
(Celite®) used in the prior filtration. After stripping on a
rotary evaporator and further drying in a vacuum oven with
vacuum pump pressure, 17.1 g of a light brown powder was
obtained. This weight corresponds to 12.6% additional yield.

[0049] HPLC Analysis. HPLC analysis of the acetonitrile-
insoluble product indicated that this mixture is composed of
approximately 94.1% of (AB),A product where n=2 and
5.9% where n=1 (see FIG. 3).

[0050] Proton NMR Spectroscopy. The 500 MHz proton
NMR spectrum (in DMSO-d6) of a similarly obtained non-
acetonitrile soluble fractionated product described above
supports the similarity to desired structure based on the pres-
ence of amide protons at 9.7-10.05 ppm, furanic protons at
7.25-7.41 ppm, phenyl protons at 6.4-7.2 ppm, amine protons
at 4.2-4.8 ppm, methyl protons at 1.8-2.25 ppm., and protons
from the methyl groups of the phenyl ethyl groups at 0.95-1.
20 ppm. The methylene groups of these ethyl groups overlap
significantly with the solvent peak in the same region. The
relative integration values of these regions are close to those
expected for the A-B-A-B-A structure.

Example 4

[0051] This example illustrates the reaction of aromatic
diamine with FDCA diacid chloride prepared in-situ.

[0052] FDCA (5.00 g; 0.032 mole) was weighed into a
round bottom flask with Ethacure® 100 (22.92 grams; 0.129
mole) under an argon blanket. Toluene (75 mL) and hexane
(75 mL) were added to the reaction flask and the mixture was
stirred under argon. Phosphorus pentachloride (1.62 g; 0.008
mole) was weighed under argon and added to the reaction
flask with stirring. A magnetic stir bar, a contact thermo-
couple, a heating mantle, and a condenser with an argon gas
inlet tube were added to the reaction flask. The mixture was
then refluxed for four (4) hours after which an IR spectrum
revealed that the FDCA peak at 1680 cm™ was no longer
present but there was a shoulder on the left side of the peak at
1625 cm™". The mixture was further refluxed for 3 hours and
the resulting mixture was filtered. The solid was washed with
two 100 mL portions of 50% toluene in hexane followed by
two 100 mL portions of hexane. The residual solvent was
removed by vacuum. NMR spectroscopy was run on the
resulting 19.2 grams of material to reveal 37.8% by mole
product with the balance being FDCA starting material. This
corresponds to 65% by weight product and 35% by weight
FDCA. This conversion could be improved by increased
reflux time. Based on component solubilities, these mixtures
can purified by dissolving in acetonitrile and filtering the
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unreacted FDCA to allow isolation of purified product by
stripping the solvent with a rotary evaporator.

Example 5

[0053] This example illustrates the reaction of an aromatic
diamine with FDCA using triphenyl phosphite and pyridine
as co-reagents.

[0054] FDCA (4.99 g; 0.032 mole) was weighed into a
three-neck round bottom flask, containing a stir bar, and Etha-
cure® 100 (23.69 g; 0.133 mole), calcium chloride (9.81 g),
lithium chloride (3.35 g) and triphenyl phosphite (23.90 g;
0.076 mole) were added under an argon blanket. Pyridine
(33.5 mL) and 1-methyl-2-pyrrolidinone (165 mL) were
added to the flask and an argon gas inlet and a heating mantle
with a contact thermocouple were attached to the flask. The
mixture was heated to 90° C. for 20 hours and the mixture was
then poured into water (1600 mL) and stirred for 3 hours. The
water was decanted from the oil and the oil was rinsed with
50% toluene in hexane (300 mL). The oil was placed into a
vacuum oven and dried with phosphorus pentoxide under
vacuum pump pressure. Solid material was scraped from
flask to obtain 14.26 g product that corresponds to a 93.7%
yield. The product was verified by NMR spectroscopy and
HPLC analysis

Example 6

[0055] This example illustrates the reaction of an aromatic
diamine with FDCA using triphenyl phosphite and pyridine
as co-reagents without solvent (neat).

[0056] FDCA (5.00 g; 0.032 mole) was weighed into round
bottomed flask containing a magnetic stir bar, Ethacure® 100
(22.94 g; 0.129 mole), triphenyl phosphite (22.00 g; 0.071
mole), and pyridine (6.00 mL; 0.074 mole) under an argon
blanket. The mixture was heated to 100° C. for 20 hours.
NMR spectroscopy was taken and verified the production of
the FDCA bisamide.

[0057] The product was purified by extraction with a 50/50
hexane/toluene, water mixture. Product was isolated from the
hexane/toluene layer.

Example 7A

[0058] This example illustrates the reaction of an aromatic
diamine with FDCA in the presence of Zeolite H-Y® with
conventional heating and microwave radiation, and without
conversion of FDCA to its acid chloride.

[0059] FDCA (5.00 g; 0.032 mole) was weighed into a
round bottom flask with Ethacure® 100 (22.82 grams; 0.128
mole) and Zeolite H-Y® (1.05 g) under an argon blanket. The
mixture was heated with conventional heating to 210° C. for
4 hours. IR spectroscopy showed no new peaks indicating no
product was formed.

[0060] Themixture was then subjected to microwave radia-
tion in a 1250 watt microwave oven for 60 sec. NMR spec-
troscopy revealed a small amount of amide present based on
the appearance of a peak at 9.75 ppm. These results showed
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that, surprisingly, normal heating does not promote this reac-
tion, but energy supplied in the form of microwave radiation
does promote this reaction.

Example 7B

[0061] This example illustrates the reaction of an aromatic
diamine (Ethacure® 100) with FDCA in the presence of
Zeolite H-Y® and with the application of microwave radia-
tion.

[0062] FDCA (5.00 g; 0.032 mole) was weighed into an
Erlenmeyer flask with Ethacure® 100 (22.83 g; 0.128 mole)
and Zeolite H-Y® (1.00 g) under an argon blanket. The mix-
ture was warmed slightly above room temperature to allow
effective mixing. The mixture was then subjected to micro-
wave radiation in a 1250 watt microwave for five (5) minutes
followed by a four (4) minute microwave treatment. The two
stage heating process was used to prevent overheating of the
reactants.

[0063] NMR spectroscopy verified a 35.3 percent by mole
production of the FDCA bisamide product.

[0064] This example confirmed the unexpected and sur-
prising result that the application of microwave radiation
resulted in a good yield of FDCA bisamide product.

Example 8

[0065] This example illustrates the preparation and charac-
terization of FDCA bisamides of Ethacure® 300 and higher
oligomeric amides by reaction of an aromatic diamine (Etha-
cure® 300) with FDCA diacid chloride.

[0066] FDCA diacid chloride was prepared from FDCA
and phosphorous pentachloride as described in the chemical
literature {J. Lewkowski, Polish J. Chem., 75, 1943-1946
(2001)}. FDCA diacid chloride (27.14 g; 0.141 mole, 74.0%
pure) were weighed into a equal pressure addition funnel and
dissolved in 150 mL toluene and 100 mL diethyl ether under
an argon blanket. Ethacure® 300 (177.60 g; 0.830 mole) and
triethylamine (43.10 g; 0.426 mole) were weighed into a
three-neck round bottom flask containing a magnetic stir bar,
thermocouple, and argon gas inlet tube. Toluene (400 mL.)
was added and this mixture was flushed with argon and the
system was maintained under positive argon pressure by
delivering argon through a bubbler filled with mineral oil. The
addition funnel containing the FDCA diacid chloride was
then attached to the solution and added drop-wise over one
hour to the rapidly stirred solution while allowing the tem-
perature to rise to 43° C. The addition funnel was rinsed with
50 mL toluene and a heating mantle was attached to flask. The
mixture was then maintained at 45° C. for one hour. After
cooling to room temperature, the mixture was then filtered
through a coarse fritted Buchner funnel and rinsed with two
150 mL portions of toluene, two 150 mL portions of hexane,
and two 200 mL portions of water (to dissolve the bulk of the
triethylamine hydrochloride byproduct). The solid was then
stirred 19 hours in 400 ml, water at ambient temperature,
filtered, rinsed with two 150 mL portions of water, and then
dried in a vacuum oven with phosphorus pentoxide under
vacuum pump pressure. Proton NMR spectroscopy showed
the continued presence of triethylamine hydrochloride so the
solid was then washed with 500 ml. water while stirring at
55-60° C. for 18 hours. After cooling the mixture to ambient
temperature, the solid was filtered and rinsed with three 200
ml portions of water. The solid was placed into a vacuum
oven containing phosphorus pentoxide to remove water using
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vacuum pump pressure to obtain a tan solid weighing 26.20 g
(45.9% Yield). The product was found to be mainly insoluble
in acetonitrile so this material was not fractionated into
FDCA bisamides of Ethacure® 300 (A-B-A systems) and
higher (AB), A amide oligomers where n=2.

[0067] HPLC analysis of this product using the column and
solvent system described for the Ethacure® 100 product did
not result in clean separation of individual (AB), A amide
isomers (where n=1) that are presumed to be present in this
reaction product.

[0068] Proton NMR Spectroscopy. The 500 MHz proton
NMR spectrum in DMSO of the product supported the
desired structure of (AB), A amide isomers (where n=1)
based on the presence of amide protons at 9.9-10.3 ppm,
furanic protons at 7.36-7.45 ppm, phenyl ring proton between
at 6.95-7.35 ppm, amine protons at 4.8-5.6 ppm, and methyl
plus thiol-methyl protons at 1.90-2.50 ppm.

[0069] Infrared Spectroscopy. The infrared spectrum of this
product showed a prominent peak at 1664 cm™ that is con-
sistent with aromatic amides.

[0070] Titration. Titration of the crude reaction mixture
dissolved in chlorobenzene with 0.1703N perchloric acid in
glacial acetic acid using methyl violet as an indicator indi-
cated that the amine content was 2.75 mmole amino groups
per gram which is 74.6% of amino group concentration
expected for an A-B-A system. The reduced amino group
concentration is believed to be caused by the presence of
higher (AB),A systems where nZ2, in addition to A-B-A
systems. Titration of Ethacure® 300 with this titrant system
indicated that the amine concentration was 50.1% of theoreti-
cal and this result is assumed to result from the fact that once
one amino group of Ethacure® 300 is protonated, the remain-
ing amino group is insufficiently basic to become protonated.
This reduced basicity of Ethacure® 300 relative to Ethacure®
100 could be due to the fact that the two methylthio groups of
Ethacure® 300 are relatively electron withdrawing versus the
ethyl groups of Ethacure® 100 that are electron donating.

Example 9

[0071] This example illustrates the determination of the
relative reactivities of an aromatic diamine (Ethacure® 100)
and FDCA bisamide of an aromatic diamine (Ethacure®
100).

[0072] The relative reactivities of Ethacure® 100 and
FDCA bisamide of Ethacure® 100 bisamide were deter-
mined by reacting various ratios of these materials with tolu-
ene diisocyanate (Tolonate®) in the presence of 1,4-butane-
diol and determining the viscosity of these mixtures with time
using a rheometer (a Rheometric Scientific SRS® rheometer
that was thermostatted to 25° C. and set to apply a constant
stress of 20.0 dyne/cm? and a constant frequency of 1.0 rad/
sec). Samples were mixed while adding Tolonate® last at
essentially time zero on the viscosity/time plots. Three sets of
concentrations were prepared with the following concentra-
tions and the viscosity/time plots are shown in FIG. 4:
Composition 1 (square data points): 50.0 mg Ethacure® 100
(0.56 mmole amine groups), 290 mg 1.4-butanediol (3.2
mmole), 660 mg Tolonate® (3.2 mmole)-square data points
in F1G. 4

Composition 2 (diamond data points): 26.5 mg Ethacure®
100 (0.30 mmole amine groups), 65.3 mg FDCA Ethacure®
100 bisamide (0.27 mmole amine groups), 290 mg 1,4-bu-
tanediol (3.2 mmole), 683 mg Tolonate® (3.3 mmole)-dia-
mond data points in FIG. 4
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Composition 3 (triangle data points): 138 mg FDCA Etha-
cure® 100 bisamide (0.0.56 mmole amine groups), 300 mg
1,4-butanediol (3.3 mmole), 690 mg Tolonate® (3.4 mmole)-
triangular data points in FIG. 4

[0073] The total moles of amine groups in these three com-
positions were about the same while the mole ratios of amine
groups supplied by Ethacure® 100 and FDCA bisamide of
Ethacure® 100 were varied from 100:0 to approximately
50:50 to 0:100, while maintaining essentially the same con-
centrations of alcohol and isocyanate in these compositions.
Thus, differences in the relative rates of viscosity increases
were caused by differences in amine reactivities. The attained
viscosities were a measure of the molecular weight attained,
which is a measure of the degree of reaction of isocyanates
functionality with amine and alcohol functionality. It can be
seen in FIG. 4 that the relative rates of viscosity (plotted in
Poise) increases were in the following order: Composition
1>Composition 2>Composition 3. Also, the relative ultimate
viscosities attained were: Composition 1>Composition
2>Composition 3. Thus, the relative rates of these reactions
were inversely related to the concentration of FDCA Etha-
cure® 100 bisamide amino group concentrations and it can be
concluded that attachment of FDCA groups via amide linking
functionality to one of the two amine groups of an Ethacure®
100 molecule, as is the case in FDCA Ethacure® 100 bisa-
mide, significantly reduces the reactivity of the remaining
amino group of Ethacure® 100 towards reaction with isocy-
anate functionality. Based on the principles involved, similar
reductions in amino group reactivity would be expected in the
(AB),,A polyamide compounds where n=2 which are also
terminated with amino groups. The same type reduction in
relative reactivities of amine groups is also expected in the
Ethacure® 300 when it is linked to FDCA via amide linkages
to generate (AB), A where n=1 since the same principles will
be in effect.

[0074] While the forms of the invention herein disclosed
constitute presently preferred embodiments, many others are
possible. It is not intended herein to mention all of the pos-
sible equivalent forms or ramifications ofthe invention. It is to
be understood that the terms used herein are merely descrip-
tive, rather than limiting, and that various changes may be
made without departing from the spirit of the scope of the
invention.

1. An aromatic amine bisamide of furan-2,5-dicarboxylic
acid comprising:
a structure (AB),,A;
wherein A is an aromatic diamine moiety, B is a furan-2,
S-dicarboxylic acid moiety and n is an integer from 1 to
10;
wherein each aromatic diamine moiety in the bisamide
comprises 0, 1, 2, 3, 4, or 5 substituents selected from the
group consisting of alkyl, aryl, alkylaryl, halogen, nitro,
carboxyl, carbonyl, primary amino (—NH,), secondary
amino (—NHR), tertiary amino (—NR,), aminoalkyl
(—RNH,), hydroxyl (—OH), alkoxy (—OR), hydroxy-
lalkyl (—ROH), thiol (—SH), and alkylthio (—SR),
wherein at least one group is either a primary or second-
ary amino, aminoalkyl, hydroxyl, or thiol group, and the
remaining positions are occupied by H; and
wherein each group may contain between 1 to 10 carbon
atoms.
2. The aromatic amine bisamide of furan-2,5-dicarboxylic
acid according to claim 1, wherein the alkylthio group com-
prises the methylthio group.
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3. The aromatic amine bisamide of furan-2,5-dicarboxylic
acid according to claim 1,

wherein the group may contain up to 6 carbon atoms.

4. The aromatic amine bisamide of furan-2,5-dicarboxylic
acid according to claim 1, comprising:
the specific positional labeling of the two nitrogen atoms in
the major species Al and A2 ofthe Ethacure® 100 series
diamines as follows:

Ethacure® 100 Curatives

Al
CH;
NH, (Al-a)
CH3;CH3 CH>CH;3
NH, (Al-b)
A2
CH;

(A2-a) NIH, NH, (A2-a)

o

CH;CH; CH,CH;3

wherein the positional specificity of individual bisamides is
specified by the following generically labeled structures
where the label AX-y (where X=1 or 2 and y=a or b) specifies
the specific aromatic nitrogen atom involved in amide bond
formation:

(¢] (¢]
(0]
Al-a \ / ‘Al-a
(¢] (¢]
O,
A2-a \ / A2-a
(¢] (¢]
O.
Al-2 \ / ‘Al-b
(¢]
O,
Al-a \ / A2-a
(¢] (¢]
O.



US 2008/0207847 Al

-continued

(€] (€]
O.
Al-b \ / A2-a.

5. The aromatic amine bisamide of furan-2,5-dicarboxylic
acid according to claim 1, comprising:
the specific positional labeling ofthe two nitrogen atoms in
the major species Al and A2 ofthe Ethacure® 300 series
diamines as follows:

Ethacure® 300 Curatives

A3
CH,
NH, (A3-a)
CH,S SCH,
NH,  (A3-b)
A4
CH,
(Ad-2) NH, NH, (Ad-a)
CH,S SCH,
o

zm

R
R -
R R
NH,
wherein the positional specificity of individual bisamides is
specified by the following generically labeled structures

where the label AX-y (where X=3 or 4 and y=a or b) specifies
the specific aromatic nitrogen atom involved in amide bond

formation:
O O
(0]
A3-a’ \ / "A3-a

11
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-continued
(€] (€]
O,
Ad-a \ / ‘Ad-a
(€] (€]
0.
A3-a’ \ / "A3-b
(€]
O,
A3-a \ / ‘Ad-a
(€] (€]
O
A3-b \ / "A3-b
(€] (6]
0.
A3-b \ / "Ad-a.
6. A further broad embodiment includes the composition
comprising:
_ 0 0
R
R O I
HN] \ / : :
R R
R
NH,
R

Wherein x=0, have A-B-A structure;

Wherein x=1 have A-B-A-B-A type structure;

Wherein x may have any value from 0 to 9;

the amino (—NH,) groups on the substituted phenyl ring
may be meta, ortho, or para with respect to each other,

R may be the same or different, and is selected from the
group consisting of alkyl, aryl, alkylaryl, halogen, nitro,
carboxyl, carbonyl, primary amino (—NH,), secondary
amino (—NHR"), tertiary amino (—NR,'), aminoalkyl
(—R'NH,), hydroxyl (OH), alkoxy (—OR’), hydroxy-
lalkyl (—R'OH), thiol (—SH) and alkylthio (—SR"),
wherein the remaining positions are occupied by H, and

wherein the R an R' groups may contain 1 to 10 carbon
atoms.
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7. A method for controlling cure time and (or) pot life of
polyurea, hybrid epoxy-urethane, and hybrid urea-urethane
chain extenders for polyurethane and polyurea elastomer sys-
tems comprising:

a. using an aromatic diamine curative, wherein the aro-
matic diamine is replaced to varying amounts with an
furan-2,5-dicarboxylic acid bisamide of such aromatic
diamine, wherein increasing amounts of furan-2,5-di-
carboxylic acid bisamide lead to reduced reaction rates
that provide increased pot life and longer reaction time.

8. A method for making furan-2,5-dicarboxylic acid bisa-
mide comprising:

a. providing a furan-2,5-dicarboxylic acid diacid chloride,
an aromatic diamine, an optional catalyst and a solvent;

b. mixing the furan-2,5-dicarboxylic acid diacid chloride
with the aromatic diamine in the solvent, optionally in
the presence of the catalyst; and

c. reacting the mixture of step b, optionally under heat,
until the furan-2,5-dicarboxylic acid bisamide is
formed.

9. The method according to claim 8, comprising separating
the furan-2,5-dicarboxylic acid bisamide from the reaction
mixture.

10. The method according to claim 9, wherein the furan-2,
S-dicarboxylic acid bisamide is separated by filtration.

11. A method for separating a furan-2,5-dicarboxylic acid
bisamide having the formula (A-B),A wherein n=1, from
higher oligomers having the formula (A-B), A wherein n is
greater or equal to 2, comprising:

obtaining a mixed (A-B),-A product, wherein n is 1 to
greater than 1;

fractionating the mixed product with a moderately polar
solvent in which the A-B-A is more soluble than the
higher oligomers, wherein the A-B-A product is dis-
solved in the solvent.
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12. The method according to claim 11, wherein the solvent
is acetonitrile,

13. The method according to claim 11, wherein the solvent
containing A-B-A product is removed by from the higher
oligomers by filtration.

14. A method for making a furan-2,5-dicarboxylic acid
bisamide comprising:

a. providing furan-2,5-dicarboxylic acid,

diamine, triphenyl phosphite, and pyridine;

b. mixing furan-2,5-dicarboxylic acid, aromatic diamine,
triphenyl phosphite, and pyridine; in solvent; and

c. reacting the mixture under optional heating until the
furan-2,5-dicarboxylic acid bisamide is formed.

15. The method according to claim 8, comprising heating

to a temperature of about 80° C. to about 110° C.

16. A method for making a furan-2,5-dicarboxylic acid
bisamide comprising:

a. providing furan-2,5-dicarboxylic acid, aromatic
diamine, a molecular sieve Zeolite® and an optional
solvent;

b. mixing furan-2,5-dicarboxylic acid, aromatic diamine,
molecular sieve Zeolite® and with or without the sol-
vent;

triphenyl phosphite, and pyridine; in solvent; and

c. reacting the mixture with microwave radiation until the
furan-2,5-dicarboxylic acid bisamide is formed.

17. A method for making a furan-2,5-dicarboxylic acid

bisamide comprising:

a. providing furan-2,5-dicarboxylic acid, aromatic
diamine, phosphorous pentachloride, and solvent;

b. mixing furan-2,5-dicarboxylic acid, aromatic diamine,
phosphorous pentachloride, and solvent and heating;
and

c. reacting the mixture until the furan-2,5-dicarboxylic
acid bisamide is formed.

aromatic
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